Even though run-of-river hydropower dams are a widespread, only a few studies have tried to clarify their impact on the downstream ecosystem. The current study aims to clarify the mechanism of ecosystem degradation in the downstream of a run-of-river hydropower dam due to water diversion for energy purposes. Field investigations were conducted in summer days at high and low flow stages to investigate the impact of discharge on downstream ecosystem represented by benthic attached algae in particular.
INTRODUCTION
Dams represent one of the most significant human interventions in the hydrological cycle. Through provision of water for drinking, irrigation and electricity, they have supported human socio-economic development, but simultaneously they have had a considerable impact on freshwater ecosystems 1) . River ecosystem is especially important for functions such as production (fisheries, wildlife etc.), habitat provision, and regulating function (flood and water quality), and these are often called "ecosystem service" Benthic algae are the main primary producers and basis of river ecosystem. In addition, benthic attached algae are representative producers in midstream segments in Japan because most streams and rivers in this segment are shallow, with a high velocity and large bed material, such as pebbles and cobbles. Anthropogenic hydrological alternations due to storage dams on rivers can deteriorate the downstream flow regime by affecting total flow quantity, seasonal timing, duration and fluctuation of specific flow events 2), 3) . As a result, there have been reported many problems regarding primary producers in rivers subjected to flow regulation as follows: increased values of periphyton biomass 4) , increases pollution due to detachment of attached algae as a result of excess increased biomass 4) , different assemblage composition 5) and decreased primary production and P/R ratio 6) at the downstream of dams compared with upstream or tributary sites because of altered flow regimes with fewer disturbances.
The above mentioned studies have been conducted mainly in rivers subjected to anthropogenic hydrological alternations, such as storage dams with larger reservoirs, which have a regulative effect on downstream flow regime and alternate the bio-chemical cycles 7) . On the other hand, the flow diversion presents in run-of-river hydropower schemes, without a regulating effect in large reservoirs, can alter the temporal variation in flows (either reduced or increased). The most obvious hydrological effect is the reduction in water discharge. It often removes a substantial portion of the stream's total discharge for an extended period and increases the frequency and duration of ecologically critical low flow or cease-to-flow 8) . Although there are many studies regarding impacts of large dams on river ecosystem up to now, only a few studies have been conducted on the impact that small headed dams (run-of-river schemes hydropower plant) influence to river ecosystem. In this study, the patterns of downstream ecosystem change due to the water diversion by a small hydropower plant (run-of-river) is discussed and categorized by statistical analysis for the data of benthic attached algae and 2D hydraulic simulations coupled with limited field data for flow regime.
STUDY AREA
The study site was selected at "Kamikoshi" river which is a branch of the "Yahagi" river ( Fig.1a) and it has a cascade of run-of-river hydropower plants constructed, "Kamo" and "Higashi-ohmi". In order to compare the impacted site with a reference site, the study location was selected at the upper most dam ("Higashi-ohmi" dam) at upstream and downstream reaches. "Higashi-ohmi" dam diverts all the flow for energy purposes. Therefore, during high flow stages, the intake is at maximum (0.557 m 3 /s) and the residual flow passes downstream imposing a high flow regime. On the other hand, during low flow stage, the intake decreases if the flow rate falls below 0.557 m 3 /s. The dam intakes the entire river flow and leaves no flow for downstream.
METHODOLOGY (1) Sampling and measurements
In order to investigate the impact of the water withdrawal from the "Higashi-ohmi" dam, the study sites upstream and downstream of dam, were investigated separately (Fig.1b) . The sampling days were selected in order to represent high flow days and low flow days with respect to the conditions at the downstream site. Having this categorization, the benthic attached algae samples were collected in both sites (Fig.1b The periphyton including algal mat was removed from a surface 25cm 2 squares with brushing and inserted in plastic bottles by mixing with clear water. The samples were conserved in a cold environment in order to be further analyzed for chlorophyll a. content and ash free dry mass.
In order to calculate ash free dry mass of the periphyton standing crops, firstly each sample was filtered onto a glass-fiber filter (GF/C, 0.47mm, Whatman Japan Ltd., Tokyo), then for calculating the benthic algal organic content (AFDM), the weights of glass-fibers were measured after drying at 104 o C and ashing for 4 hours at 400 o C 9) . The chlorophyll a. and phaeophytin contents of benthic algae samples were determined by making use of the photometric procedure. Firstly the samples were soaked at Dimethylformamide (DMF) fluid to extract the pigment, then the chlorophyll a. and phaeophytin amounts were measured using the Lorenzen method 10) . While, turbidity loggers (Compact-CLW, JFE Advantech Co., Ltd.) were installed at pools at downstream and upstream sites (Fig.1b) and set-up to measure these values every ten minutes. After being collected from the field, the data were daily averaged.
In order to estimate the river flow depth, loggers (Compact-TD, JFE Advantech Co., Ltd.) were installed at the same location as the turbidity loggers (Fig.1b) . The data of depth and turbidity loggers covers the period from 18 September to 27 November of 2009. Also yearly distribution of flow intake amount of the hydropower dam for electricity production is available. Furthermore topography measurements were conducted for both upstream and downstream sites.
(2) Statistical analysis for benthic attached algae
A series of statistical analysis were undertaken between sites and flow stages. Data were grouped according to sites (upstream, downstream) and flow stages. Prior to conducting analysis of variance, the normal distribution for all the data was checked with the Kolmogorov-Smirnov normality test. Depending on the outcome of the normality test, the type of analysis of variance was chosen for the data. For data composed for one than two groups and filled the condition of normality, analysis of variance (ANOVA) was conducted to check the significant differences among groups associated with Tukey's multiple comparison test for identifying the group that differed the most. In case of non-normally distributed data, log and square root transforms were used in order to improve the normality, and the ANOVA analysis was conducted again. In those cases where the normality could not be improved, nonparametric tests were conducted in order to observe the significant differences. For data composed of more than two groups, Kruskal-Wallis test of the equality of medians was conducted by being followed by the Bonferroni adjustments and Fishers last significant difference (LSD) tests for specifically indentifying the groups which differed the most. In the case of comparison of two groups with non-normal distributed data, Mann-Whitney U test was conducted to identify the significant differences between group medians. The significance level (probability of doing type I error) for all the test was α=0.05.
(3) Evaluation of flow persistence at upstream and downstream sections.
In order to assess the degree of influence that has the flow withdrawal for energy purposes at the downstream section compared with upstream, three main steps were undertaken.
1. Estimation of flow rates at the cross section where depth loggers were installed. Having the depth data from loggers and also by using of uniform flow assumption the flow rate for each registered depth is estimated 2. From the calculated flow rates, the exceeding probability curves were depicted in order to compare the amount of time that a given flow is persistent at each site. For drawing the probability curves, firstly the rank for each flow was assigned than the probability value was calculated according to the following equation.
where m=the assigned rank n=the total number of days (from 18 September to 27 November of 2009 total of 69 days), and P=the exceeding probability value. 3. By employing 2D hydraulic simulation, the flow field is figured out in order to check for what flow rates full bank flow is observed. Then the exceeding probability value is checked in order to evaluate the amount of time that the given flow is persistent at each site.
(4) 2D Hydraulic simulations model
In order to evaluate the flow conditions at upstream and downstream reaches of "Higashi-ohmi" dam the source code NHSED2D, 2DH 11) was employed for the expression of hydraulic conditions. The flow field is generated by solving the depth-averaged 2D Navier-Stokes equations as follows:
where q x and q y are the specific flow rate for each of x and directions; q is the vector of specific flow; ζ is water surface elevation; h is water-depth; T x and T y are the vectors of momentum fluxes due to horizontal turbulent diffusion; g is gravitational acceleration; ρ is density of water; and C f denotes resistance coefficient of bed-surface.
Roughness parameter was estimated by postulating two types of diameters in order to imitate the real riverbed conditions: the large cobbles and fine sands were set respectively at 10 cm and 1 mm diameter. The following equation is employed as the resistance law by using the equivalent sand roughness (k s ) that varies according to the sum of the exposure heights of cobbles and the fine sand diameter 12) .
where U is the depth-averaged velocity; u * is shear velocity; and κ is the Karman coefficient (=0.4).
The momentum fluxes due to horizontal turbulent diffusion (T xx , T xy and T yy ) are expressed by using eddy viscosity ν T : In the present model, the boundary fitted non-orthogonal grid system is employed, and the FVM (Finite Volume Method) is employed to disperse the governing equations 13) . Firstly the equations, which exclude the terms related to the gradient of water surface elevation, are integrated with the finite time step to calculate the unit discharge. Then the Poisson equation for the water-surface elevation, which is derived by substituting the in-term unit discharge into the continuity equation, is solved. The unit discharge is finally revised by calculating water surface elevation. By iterating the processes a converged solution of flow field can be obtained.
In order to evaluate the flow diversion effect on downstream compared with the upstream site several representative flow rates were selected from measured discharge data. Having in mind that the dam withdraws 0.5m 3 /s, the downstream calculating flow is smaller than the upstream one by this amount.
RESULTS AND DISCUSSION (1) Result of the statistical analysis for benthic attached algae
The statistical analysis (one way ANOVA and 
(2) Hydraulic simulation results and the differences in the hydraulic condition between sites
The difference in the hydraulic conditions between upstream and downstream is evident as shown in Fig.3 . While upstream there is always continuous uninterrupted flow field (Figs. 4 & 5) , at downstream the development of flow starts for rates of Q=1.6 m 3 /s flow which is persistent only 55% of the monitored time (exceeding probability P=55%) as shown in Figs. 6 & 7 .
While in order to have a nearly bank-full flow at downstream the flow needed is Q=3.1m 3 /s with an exceeding probability value of P=8% (Fig.8) .
These results clearly show that the water diversion by the dam has a strong effect not only in the persistence time of the flow rates but even in hydraulic characteristics of downstream site.
(3) Flow diversion and self detachment of benthic attached algae downstream
During the low flow periods, when the intake for energy production falls below 0.5 m 3 /s, low flow conditions are imposed at downstream. Fig.9 shows the flow intake from the Higashi-ohmi dam during a low flow period to be investigated. And Fig.10 shows the collected data of turbidity logger in the downstream site corresponding to the low flow period. It is observed an increase in downstream turbidity values in the latter part of the low flow period. Because at the downstream reaches there is no flow observed during low flow stages (when turbidity can be attributed only to the self detached intake of dam fall below 0.5m 3 /s), this increase in benthic algae (, similar as "the self pollution 4) "). The statistical analysis of the collected benthic algae demonstrates a significant change in the indicators such as autotrophic index (Fig.2 bottom right) which is related with the change in flow regime imposed by the dam. This result and the increased turbidity monitored by the loggers, both of which are strongly related with the flow regime imposed by dam, indicate a change in the internal physiology of the river biofilm. While increased values of Autotrophic index indicates increase of dead biomass and pollution inside the biofilm, the increase in turbidity downstream at low flow could be attributed to a self regenerating capacity that biofilm reflects. This phenomenon was suggested in the conventional research regarding as the temporal changes in the assemblages of attached algae below and above a hydropower dam 4) . In other words, the flow condition imposed by dam decreases the optimal habitat for benthic attached algae and successively does change the internal physiology of the river biofilm. This self detachment observed in river biofilm could be an adaptation of river biofilm to the decreased habitat and optimal conditions.
CONCLUSIONS
The aim of this study is to investigate the ecosystem changing patterns due to the water withdrawal for energy purposes from a run of river hydropower dam. For this purpose, two study sites were chosen upstream and downstream of the dam and were studied separately. Due to the intake of flow, differences in flow patterns between upstream and downstream have been observed with 2D flow simulation. The hydraulic conditions downstream showed drastic change in flow distribution and flow persistence (as quantified by the exceeding probability values). Moreover, these differences could be reflected in ecosystem indicators such as river biofilm, in the study sites.
This flow pattern was correlated statistically with the changed biofilm parameters such as AFDM and Autotrophic Index. Also due to this flow regime shift, self detachment of river biofilm was observed to be related with both biofilm parameters and the flow regime. This self detachment could be attributed to the self regenerating and the adaptation of benthic biofilm to the decreased habitat and optimal conditions.
